A free standing transmission grating based imaging spectrometer in the extreme ultraviolet range has been developed for the National Spherical Torus Experiment ͑NSTX͒. The spectrometer operates in a survey mode covering the approximate spectral range from 30 to 700 Å and has a resolving capability of ␦ / on the order of 3%. Initial results from space resolved impurity measurements from NSTX are described in this paper.
I. INTRODUCTION
Extreme ultraviolet ͑EUV͒ spectrometers for magnetic fusion experiments have traditionally employed grazing incidence gratings as the dispersive element. However, over the past decade, free standing transmission gratings have emerged as an excellent alternative to grazing incidence gratings for building survey spectrometers in the EUV range. [1] [2] [3] Not only do transmission gratings have the advantage of having higher diffraction efficiency and being robust to neutron exposure, but they also lead to a simplified design of the spectrometer.
The paper is structured as follows: Section II describes the design, calibration, and setup of a transmission grating based imaging spectrometer ͑TGIS͒. Setup of the TGIS on National Spherical Torus Experiment ͑NSTX͒ is described in Sec. III. The section also describes initial results from impurity identification and their spatial dependence. Figure 1 describes the optical layout of the TGIS. The TGIS uses a Ta/SiC grating manufactured by NTT-ATT ͓part number ATN/TG-200/11W 4 ͔. The freestanding transmission grating has 5000 line-pairs/mm and dimensions 1 ϫ 1 mm 2 . The detector is an assembly of CsI coated microchannel plate ͑MCP͒, followed by a fiber optic phosphor screen with P20 phosphor ͑part number APD 3040FM 12/10/8, manufactured by Burle Industries, Inc., Lancaster, PA 4 ͒. The rear end of the phosphor screen was fiber optically coupled to a CMOS based imaging sensor Radeye 1 manufactured by Rad-Icon Imaging Corp., Sunnyvale, CA. 4 The imaging system has a pixel size of 48 m. While the imaging system has a resolution of 1024ϫ 512 pixels, only an area of approximately 400ϫ 400 pixels is covered by the spectrum. The frame rate for the line scan imaging system was 380 ms. The device has an angular view of 22°with a 1°resolution. A knife edge ͑perpendicular to the planar section shown in Fig. 1͒ is placed between the grating and the MCP to block half of the output spectrum including the zero order radiation.
II. DEVICE SETUP

A. Efficiency calibration
The transmission efficiency of a grating with an identical part number was calibrated at the Synchrotron Ultraviolet Radiation Facility at the National Institute of Standards and Technology ͑NIST͒. The setup for the calibration has been described by McMullin et al. 5 Figure 2 shows that the diffraction efficiencies in the range 115-304 Å ͑1 Å = 0.1 nm͒ is relatively uniform around 0.1. For the calibrations, the polarization of the incident beam was oriented along the wires of the grating. The measured values have a relative uncertainty of 10%, which is dominated by the uncertainty in the geometry of the normalization of the measurements. 
B. Wavelength calibration
A table top reflex discharge was setup for wavelength and spatial calibration of the TGIS. The reflex discharge uses a cylindrical brass anode. Two circular Al cathodes are mounted close to the ends of the anode. A magnetic field of about 0.1 T links the cathodes. The reflex discharge was maintained within a 3-5 mTorr ͑1 Torr= 133 Pa͒ pressure of Ne. Plasma was created by a dc discharge of approximately 1 kV applied across the electrodes with about 1 A current flowing through it. The TGIS measured the spectra through a rectangular opening on the brass anode. Figure 3 shows such a sample spectrum. Note that the spectrum extends from 24 to about 750 Å. Spectral features at 24 Å and the Al IV 161 Å lines indicate the presence of fast electrons in the reflex discharge and is being investigated further. Figure 4 describes the view of the TGIS with respect to the heating neutral beam injection on NSTX. 6 Thus, the instrument measures the electron excited emission from the edge and the core and also the charge exchange radiation from the region of interaction with the beams. Figure 5 shows the spectrum obtained from the TGIS on a typical neutral beam heated shot. In this particular experimental shot, the core electron temperature T e was in the range of 0.8-1 keV and core electron density n e was approximately 6 ϫ 10 19 m −3 . The charge exchange lines from C, O, and possibly Li are fairly well localized as indicated by the neutral beam interaction region bounded by the red dotted lines. This interaction region is located toward the periphery of the plasma. On the contrary, the emission from the three Cl lines is from a wide spatial region indicating that Li I and Be I like charge states of Cl are distributed closer to the core. Figure 6 shows the spectrum obtained by taking a "slice" along the vertical green arrow shown in Fig. 5 .
III. NSTX RESULTS
In contrast to Fig. 5 , the spectrum obtained from an Ohmic discharge at NSTX is shown in Fig. 7 . In this particular experimental shot, the core electron temperature T e was in the range of 0.6-1 keV and core electron density n e was approximately 2 ϫ 10 19 m −3 . However, because of the absence of heating from neutral beam, the spectrum consists only of edge emission from low Z impurities.
It is instructive to consider the spatial distribution of certain representative lines. The spatial distribution of the impurities from the Ohmic spectrum is plotted in Fig. 8 . Since the core electron temperature is between 0.6 and 1 keV, the emission is from the edge and highlights the spatial dependence of the edge impurities. However, the spatial dependence of the edge impurities in Fig. 8 is in stark contrast to the spatial profiles from a neutral beam heated shot shown in Fig. 9 . In the figure, the profile of the Cl XV ͑415 Å͒ line is fairly broad, which is consistent with the fact that it is emitted from the core. The oxygen charge exchange lines shown in Fig. 9 have similar profiles ͑localized in the beam interaction region͒ except for some edge contribution from O V as highlighted in the figure.
IV. CONCLUSION
The results from Sec. III highlight the capability of space resolved impurity measurement by the TGIS. However, to gain more quantitative results on radial impurity distribution, a geometric model will be developed.
To enable monitoring of the time dependence of the impurity behavior, a faster readout imaging sensor is also being considered.
This paper highlights the use of the transmission grating for the EUV range. However, the instrument can be adapted to cover the vacuum ultraviolet ͑VUV͒ range as well by using a grating with 1000 line-pairs/mm. Such a VUV spectrometer has been tested on a tabletop experiment. 
